Staphylococcus aureus is a leading cause of catheter infections, and biofilm formation plays a key role in the pathogenesis. Metal ion chelators inhibit bacterial biofilm formation and viability, making them attractive candidates as components in catheter lock solutions. The goal of this study was to characterize further the effect of chelators on biofilm formation. The effect of the calcium chelators ethylene glycol tetraacetic acid (EGTA) and trisodium citrate (TSC) on biofilm formation by 30 S. aureus strains was tested. The response to subinhibitory doses of EGTA and TSC varied dramatically depending on strain variation. In some strains, the chelators prevented biofilm formation, in others they had no effect, and they actually enhanced biofilm formation in others. The molecular basis for this phenotypic variability was investigated using two related strains: Newman, in which biofilm formation was inhibited by chelators, and 10833, which formed strong biofilms in the presence of chelators. It was found that deletion of the gene encoding the surface adhesin clumping factor B (clfB) completely eliminated chelator-induced biofilm formation in strain 10833. The role of ClfB in biofilm formation activity in chelators was confirmed in additional strains. It was concluded that biofilm-forming ability varies strikingly depending on strain background, and that ClfB is involved in biofilm formation in the presence EGTA and citrate. These results suggest that subinhibitory doses of chelating agents in catheter lock solutions may actually augment biofilm formation in certain strains of S. aureus, and emphasize the importance of using these agents appropriately so that inhibitory doses are achieved consistently.
INTRODUCTION
Staphylococcus aureus is a leading cause of nosocomial infections and of bloodstream infections (BSIs) associated with colonized intravenous catheters. Catheter-associated BSIs increase mortality rates, prolong patients' stay and increase healthcare costs (Centers for Disease Control and Prevention, 2011 ). An important virulence factor in such infections is the ability to adhere to and form a biofilm on the surface of the catheter.
Bacterial biofilms are communities in which intercellular bonds enforced by polymeric compounds and intercellular communication mediated by signalling molecules result in a bastion that is sheltered from sheer forces, antimicrobial agents and host immune components. Consequently, biofilm-related infections are very difficult to treat therapeutically and, whilst antibiotics may eradicate the BSI and temporarily relieve the clinical signs of infection, the biofilms often persist and act as a nidus for relapsing infection (Hall-Stoodley et al., 2004) . Recent guidelines for prevention of catheter-related infections recommend the use of intraluminal antimicrobial lock solutions or catheter lock solutions (CLSs) (Mermel et al., 2009; O'Grady et al., 2011; Raad et al., 2003) . Heparin has traditionally been used to lock catheter lumens during interdialytic periods, but studies supporting the inhibitory effects of chelating agents on biofilm formation make the use of CLSs composed of trisodium citrate (TSC) appealing (Banin et al., 2006; Percival et al., 2005; Shanks et al., 2006) . Whilst TSC is not currently approved as a CLS in the USA (O'Grady et al., 2011) , use of these agents is becoming more widespread and CLSs including Citra-Lock and DuraLock-C are based on TSC. Metallic cations such as Ca 2+ and Mg 2+ play a role in microbial adherence, biofilm formation and bacterial growth. These divalent cations can stimulate cell-cell adhesion and aggregation through their interactions with cell-wall teichoic acids (Dunne & Burd, 1992; Sarkisova et al., 2005) . Therefore, removal of free cations from the milieu reduces intercellular adhesion and biofilm formation. Furthermore, chelating agents can reduce biofilm formation by inhibiting the production of the staphylococcal polysaccharide intercellular adhesin poly-Nacetylglucosamine (Juda et al., 2008; Ozerdem Akpolat et al., 2003) . However, S. aureus has many components in addition to poly-N-acetylglucosamine that can contribute to adhesion and biofilm formation.
The surface of S. aureus is coated with a variety of adhesins that are capable of binding different host proteins present in plasma and/or the extracellular matrix. Proteinaceous adhesins can also mediate bonds between bacterial cells (Corrigan et al., 2007; Cucarella et al., 2002) . There are at least 28 different S. aureus proteins that promote binding to 18 different host proteins (Clarke & Foster, 2006) . Adhesins that mediate such binding to host proteins are termed microbial surface components recognizing adhesive matrix molecules (MSCRAMMs). S. aureus can express four distinct fibrinogen-binding MSCRAMMs: clumping factors A and B (ClfA and ClfB) (Ní Eidhin et al., 1998) and the fibronectinbinding proteins FnbpA and FnbpB, which bind to fibronectin and fibrinogen (Wann et al., 2000) . Catheter surfaces are rapidly coated with blood components including fibrinogen and fibronectin and subsequently serve as efficient substrates for S. aureus binding.
The effects of TSC and other chelators on biofilm formation have not been defined fully and we therefore designed this study to examine their effects. Because TSC at low concentration has been shown to affect biofilm formation positively, not through its chelating activity but rather by acting as a tricarboxylic acid cycle intermediate, we also investigated the effect of ethylene glycol tetraacetic acid (EGTA) to confirm effects that might be due to metal ion chelation (Shanks et al., 2006 (Shanks et al., , 2008 . Similar to TSC, EGTA has a high affinity for Ca
2+
. We tested the effect of the chelating agents TSC and EGTA on a panel of S. aureus strains, comprising three laboratory strains and 27 cardiac device-associated infection isolates. Whilst TSC and EGTA effectively inhibited biofilm formation in some of the isolates, they failed to prevent biofilm formation in others and, surprisingly, they actually augmented biofilm formation significantly in some strains. Despite the fact that strains Newman and 10833 are related phylogenetically, they exhibited very different responses, in that the chelators eliminated biofilm formation in the Newman strain but actually augmented it in strain 10833. We therefore focused our investigation on the molecular basis of the differential effect on this strain pair and found that ClfB was required for biofilm formation in the presence of EGTA.
METHODS
Strains and growth conditions. Escherichia coli CH3-Blue (Bioline) and S. aureus RN4220, a restriction-deficient strain derived from the laboratory strain NCTC 8325, were used for initial cloning. S. aureus strains tested for biofilm formation in the presence and absence of EGTA included strain SA113 (ATCC 35556), derived from laboratory strain NCTC 8325; strain Newman, a strongly coagulase-producing isolate from a case of osteomyelitis; strain 10833, a strong clumping factor-producing isolate; and a panel of 27 isolates from cardiacassociated infections. Strains 10833 and Newman appear to have originated from the same isolate. Strain Newman was deposited by E. S. Duthrie in 1950 and given the strain designation ATCC 13420 (NCTC 8178) and strain Newman D2c (NCTC 10833, referred to in this manuscript as 10833) was deposited by J. Hawiger in 1972 and given the strain designation ATCC 25904 (Grundmeier et al., 2004) . The concentration of free calcium in tryptic soy broth (TSB) and TSB supplemented with different concentrations of EGTA was determined using a QuantiChrom Calcium Assay kit (BioAssay Systems) according to the manufacturer's instructions. All strains used in this study were grown aerobically at 37 uC.
Static biofilm assay. Biofilm assays were performed essentially as described by Christensen et al. (1985) . Briefly, overnight planktonic cultures of S. aureus were diluted to a final OD 600 of 0.015 in fresh medium and 200 ml culture was aliquoted into individual wells of a 96-well Cell Bind plate (Corning). The cells were grown in TSB supplemented with 1 % glucose (TSBG). To determine the appropriate dose of EGTA and TSC for the experiments, we performed standard MIC assays and used 0.5 MIC in all subsequent studies. MICs were similar for all strains used in the study, and 0.5 MIC was equal to 12.5 mM EGTA or 12.5 mM TSC. To restore Ca 2+ levels, 12.5 mM CaCl 2 was added. The plates were incubated at 37 uC for 18 h, spent medium was removed and the wells were washed once with 200 ml sterile water, dried and stained with safranin. The biofilms were inspected visually; digital images were obtained and the biofilms were quantified by dissolving the stain with 200 ml 33 % (v/v) acetic acid and determining A 415 using a 96-well plate spectrophotometer (ELx800 Microplate Reader; BioTek). Replica plates were used to determine growth at OD 595 by resuspending the biofilms by vigorous pipetting. The results for these experiments were compiled from three biological replicates, each of which contained five technical replicates.
Clumping assay. Overnight cultures of strains 10833 and Newman were diluted to a final OD 600 of 0.015 in 2 ml TSBG or TSBG containing 12.5 mM EGTA. The cultures were incubated, without shaking, at 37 uC for 18 h. The tubes were vortexed lightly and inspected visually for clumping.
Quantitative real-time RT-PCR analysis. Overnight cultures of strains 10833 or Newman were grown in TSB, diluted 1 : 20 in fresh TSBG or TSBG supplemented with 12.5 mM EGTA or 12.5 mM TSC and incubated at 37 uC for 2 h with shaking at 200 r.p.m. To isolate RNA, approximately 5610 8 bacteria were resuspended in 500 ml Buffer RLT (Qiagen) and added to 2 ml tubes containing 1 mm glass beads. Cold acid phenol (500 ml) was added and the cells were lysed using a FastPrep FP120 cell disrupter (Thermo Scientific). The beads were removed by centrifugation and the supernatant was purified using an RNeasy Mini kit (Qiagen) according to the manufacturer's instructions. Contaminating DNA was digested with Turbo DNase (Ambion) for 1 h at 37 uC and 4 mg RNA was converted to cDNA using a Tetro cDNA synthesis kit (Bioline) according to the manufacturer's instructions using 10 pmol gene-specific reverse primer (Table 1) . Control reactions lacked reverse transcriptase (RT). Real-time RTPCRs were carried out in a total volume of 25 ml, containing 2 ml cDNA or a no reverse transcriptase control (diluted 1 : 500 for 16S rRNA gene reactions and 1 : 5 for other genes), 1 pmol forward and reverse primers (Table 1), 8.5 ml nuclease-free deionized water and 12.5 ml SYBR Green Sensimix (Bioline). Real-time RT-PCR was performed using an iQ5 Multicolor Realtime PCR (Bio-Rad) cycler under the following conditions: 94 uC for 2 min, followed by 40 cycles of 94 uC for 10 s, , where DC t represents the difference in threshold cycle between the target gene and the 16S rRNA gene). Samples were performed in triplicate and each experiment was repeated to ensure reproducibility. The data were combined and the results are represented as the relative fold difference when comparing cells grown in 12.5 mM EGTA or 12.5 mM TSC with cells grown in control TSBG.
Construction of clfB deletion and complementation mutants.
The clfB gene was replaced with an erythromycin resistance cassette in S. aureus strain RN4220 by homologous recombination using the pMAD vector (kindly provided by Michel Débarbouillé and Maryvonne Arnaud, Pasteur Institute, Paris, France) as described previously by Arnaud et al. (2004) . Genomic DNA from strain SA113 was used as a template for PCR using primers clfB Soe1 and clfB Soe4 and the PCR product was cloned into pCR4-TOPO (Invitrogen). The resulting construct was amplified using primers clfB Soe2 and clfB Soe3 (Table 1) , digested with XhoI and ligated to an erythromycin resistance cassette excised from plasmid pSC57 with XhoI. The resulting plasmid was digested with BamHI and the region surrounding the clfB gene and the intervening erythromycin cassette were ligated to pMAD. This construct was electroporated into RN4220 (Lee, 1993) . Once gene replacements in RN4220 were confirmed, the mutations were then transduced into strains 10833 and Newman using phage 80a (Kasatiya & Baldwin, 1967) and transductants were selected on tryptic soy agar (TSA) plates containing 10 mg erythromycin ml
For complementation of the deletion, clfB was cloned into the IPTGinducible vector pCL15, which was kindly provided by Dr Chia Lee (University of Arkansas, USA) (Luong & Lee, 2006) . Primers clfBpCL15 Fwd and clfB-pCL15 Rev (Table 1) were used to amplify the clfB gene from SA113 genomic DNA. The PCR product was digested with BamHI and EcoRI and ligated to pCL15 to produce clfB-pCL15. Plasmids were purified and transformed into RN4220 and selected on tryptic soy agar (TSA) containing chloramphenicol before the constructs were transduced into strains 10833 and Newman by phage 80a. Strains harbouring clfB-pCL15 and pCL15 were cultured in the presence of 10 mg chloramphenicol ml 21 and 1 mM IPTG.
Analysis of the clfB promoter. Genomic DNA was isolated from strains 10833 and Newman using a DNeasy tissue kit (Qiagen). The clfB gene and 0.4 kb 59-proximal to the gene were amplified using primers clfBPROFWD and clfBREV and sequenced (Eurofins MWG Operon). The clfB transcriptional start site was determined using a FirstChoice RLM-RACE kit (Ambion). RNA (10 mg) was incubated in 16 reaction buffer in a 20 ml total volume with 1 U terminator enzyme (Epicentre Biotechnologies) to degrade rRNA, tRNA and partially degraded mRNA for 1 h at 37 uC. The reaction was terminated by phenol extraction and ethanol precipitation and the RNA was subjected to 59 rapid amplification of cDNA ends (RACE) analysis according to the manufacturer's protocol. Primer ClfBRACE was used for the initial PCR and ClfBRACEnest for the nested PCR (Table 1 ). The nested PCR product was cloned into pCR4TOPO (Invitrogen) and sequenced (Eurofins MWG Operon).
Adherence to catheter tubing. Overnight cultures of strains 10833 and Newman were diluted to an OD 600 of 0.015, inoculated into test tubes with TSBG or TSBG plus 12.5 mM EGTA and a piece of intravenous catheter tubing of~2 cm (BD), and incubated at 37 uC for 18 h without shaking. After overnight incubation, the catheter tubes were removed using an aseptic technique, washed once with deionized water, sonicated in 1 ml PBS and plated on TSA to determine the number of c.f.u. The assay was performed in triplicate and the results are represented as the mean c.f.u.
Statistical analysis. Statistical significance was determined using an unpaired Student's t-test, and P,0.05 was considered significant.
RESULTS

Chelators exert different effects on biofilm formation in different strains
Biofilm assays were performed to determine the effect of EGTA and TSC on biofilm formation in S. aureus strain SA113. Because we wanted to determine the effect of these compounds on biofilm formation and not growth, we determined the MICs for EGTA and TSC. We found that 12.5 mM EGTA and 12.5 mM TSC were subinhibitory (0.5 MIC), so these concentrations were used for all subsequent experiments. We quantified the free calcium levels in TSBG and TSBG containing the chelators and found that TSBG contained 4.2 mM Ca 2+ , whilst free Ca
2+
was not detectable in TSBG containing 12.5 mM EGTA or TSC. As shown in Fig. 1(a) , 12.5 mM EGTA and 12.5 mM TSC allowed bacterial growth to occur but completely eliminated biofilm formation (P,0.0001). The addition of Ca 2+ individually or in concert with either EGTA or TSC restored biofilm formation. To extend our findings, we analysed biofilm formation under similar chelating conditions with strains 10833 and Newman (Fig. 1b) . The biofilm phenotype was significantly inhibited by EGTA and TSC in strain Newman, similar to what was observed with SA113. However, in strain 10833, EGTA actually increased biofilm formation relative to the diminished or eliminated biofilms observed with strain Newman (Fig. 1b, P,0 .0001), and inhibition by TSC was significantly greater in strain Newman than it was in strain 10833.
We next tested a panel of clinical isolates from the bloodstream of patients with cardiac device-associated infections ( Table 2) . Out of 27 isolates, biofilm formation was inhibited (by at least 25 %) by both chelators in five (Duthie & Lorenz, 1952) . We therefore hypothesized that clumping factor activity might play a role in biofilm formation under chelating conditions. To test this hypothesis, we compared the clumping activity of the two strains in the absence and presence of 12.5 mM EGTA (Fig. 2a) . EGTA induced clumping in strain 10833, whereas strain Newman did not exhibit any significant clumping.
ClfA-and ClfB-mediated clumping is usually induced in the presence of fibrinogen. However, we hypothesized that, in the presence of a chelating agent, these surface adhesins could induce clumping in the absence of fibrinogen. We therefore investigated the relative expression of the clumping factor genes clfA and clfB when bacterial cultures were incubated in TSBG containing 12.5 mM EGTA or 12.5 mM NaCl relative to expression in TSBG alone. The levels of clfA transcript were unchanged in EGTA in the two strains (data not shown). However, in strain Newman, clfB transcript levels were lower in the presence of EGTA but were increased threefold in the presence of EGTA in strain 10833 (Fig. 2b) . Additionally, we observed a 1.5-fold increase in clfB transcript levels in strain 10833 in 12.5 mM TSC, whereas the clfB transcript was repressed by TSC in strain Newman. In summary, the expression of clfB was negatively regulated in the presence of EGTA or TSC in strain Newman but positively regulated by the chelators in strain 10833.
Deletion of clfB eliminates EGTA-induced biofilm formation in strain 10833
To investigate further the role of clumping factor B in the differential effect of chelators on biofilm formation in strains Newman and 10833, isogenic clfB deletion mutants were produced and biofilm assays were performed (Fig. 3) . Deletion of clfB in strain 10833 eliminated biofilm formation significantly (P,0.0001) when the strains were grown in TSB+12.5 mM EGTA but did not significantly affect biofilm formation in the absence of EGTA. Real-time RT-PCR demonstrated that, in strains complemented in trans with clfB-pCL15, 1 mM IPTG restored clfB transcript levels to those of the parental strains (data not shown). Complementation of gene expression restored biofilm formation. In strain Newman, biofilm formation in TSBG was unaffected by the deletion, but the weak biofilm formed in the presence of EGTA was eliminated by the clfB mutation (Figs 1b and 3b) . Complementation of the gene restored biofilm levels to that observed with the wild-type strain in the presence of EGTA. The effect of the clfB deletion on biofilm formation by both strains was similar in TSBG+12.5 mM TSC (data not shown). To determine whether ClfB was an important biofilm mediator in other strains or whether the phenomenon was restricted to strain 10833, we deleted clfB in additional isolates. Cardiac device isolates 19 and 24 both exhibited augmented biofilm formation in the presence of TSC and EGTA. Deletion of the clfB gene in these strains severely reduced biofilm formation (Fig. S1 , available in JMM Online). Together these results suggested that biofilms formed in the presence of EGTA are ClfB dependent. In certain strains, such as 10833, 19 and 24, ClfB appeared to be expressed more highly under these conditions, resulting in the production of a thicker biofilm.
Gene sequence and transcriptional start site are conserved in strains 10833 and Newman
To determine whether the difference in clfB expression in strains 10833 and Newman was due to a mutation in the gene or promoter, we sequenced the clfB gene and the upstream region. The clfB gene from strain 10833 was identical to that of strain Newman except for the presence of additional serine-aspartate (SD) repeats, and the upstream promoter regions were 100 % identical to the previously published strain Newman sequence (Baba et al., 2008) . We also determined the transcriptional start site using 59-RACE and found that transcription started at the same nucleotide in both strains (Fig. 4) .
Increased adherence of strain 10833 to catheters in the presence of EGTA
To test further the hypothesis that chelators such as EGTA may not effectively inhibit biofilm formation on catheters by all S. aureus strains, we quantified adherence to catheter tubing. Adherence of strain Newman to catheter tubing was inhibited by EGTA (Fig. 5) . However, a sixfold increase in adherence of strain 10833 was observed in the presence of 12.5 mM EGTA relative to that for the TSBG control.
DISCUSSION
Catheter-related BSIs are a significant iatrogenic complication associated with the use of implanted intravascular devices, and incidence increases proportionally with the length of time that the catheter is left in place. Use of chelating agents such as TSC in CLS has been shown previously to disrupt the process of bacterial adherence and biofilm formation on the synthetic surface, and can help prevent catheter colonization (Shanks et al., 2008; Weijmer et al., 2002) . However, catheter-related infections still occur, suggesting that bacteria are able to form biofilms even in the presence of antibiofilm CLS. This study indicated that certain strains of S. aureus are resistant to the antibiofilm effects of chelating agents, and the results suggest that, in certain cases, subinhibitory concentrations of the chelators could enhance biofilm formation.
We found that TSC, which was expected to inhibit biofilm formation, was effective in two out of three laboratory strains but did not inhibit biofilm formation to the same extent in the third strain, 10833. TSC has been shown to augment biofilm formation by serving as a TCA cycle intermediate; however, the concentration used in this study (12.5 mM) was considerably higher than the concentration that induces biofilm formation (Shanks et al., 2006 (Shanks et al., , 2008 . Furthermore, this concentration was high enough to remove all detectable free Ca 2+ from the medium. We therefore hypothesized that the effect was due to Ca 2+ chelation, rather than to effects on the TCA cycle. To test this, we used EGTA in addition to TSC. Whilst EGTA inhibited biofilm formation in strains SA113 and Newman, it actually augmented it in strain 10833, suggesting that the difference in biofilm-forming capacity of strain 10833 was due to a differential response to Ca 2+ chelation. When we tested a panel of cardiac device isolates, we found that eight out of 27 of the isolates exhibited increased biofilm formation in the presence of both EGTA and TSC. However, some strains were affected differently by the two compounds, in that some strains exhibited significantly increased biofilm formation in EGTA but less in TSC, or a decrease in biofilm formation in EGTA and an increase in TSC. Despite this, the resistance of strains to the antibiofilm effect of the two chelating agents displayed a trend in the same direction, in that all strains that exhibited increased biofilm formation in EGTA either exhibited an -chelating agent, whereas TSC may exert additional effects on the bacteria and on their ability to form a biofilm.
The concentrations of the chelators used in this study were subinhibitory, suggesting that they specifically affected the biofilm phenotype. The concentration of TSC used in this study was lower than the concentrations used in catheter lock solutions. However, subinhibitory doses would be expected during dialysis, as the CLS is removed from the catheter lumen.
Although it is likely that the molecular basis of the capacity for biofilm formation under chelating conditions varies from strain to strain, we focused our studies on strains 10833 and Newman. Due to their genetic similarity, we hypothesized that the contrasting effect of chelating agents on biofilm formation in these strains was based on the differential expression of just one or a few genes. Indeed, we found that biofilm formation by strain 10833 in the presence of EGTA or TSC required expression of the clfB gene. Thus, whilst there may be other genetic differences between strains 10833 and Newman that contribute to the differences in their capacity to establish biofilms in the presence of chelating agents, differential clfB expression appears to play a key role. Further supporting the role for ClfB, deletion of clfB from selected cardiac device-associated isolates (strains 19 and 24) that exhibited increased biofilm formation in the presence of EGTA and TSC lost this phenotype when clfB was deleted within these strains. This was a novel finding, as ClfB has not been implicated previously in biofilm formation. However, other surfaceassociated adhesin proteins are known to play a role in biofilm formation and, in particular, the biofilm-associated protein (Bap), similar to the clumping factor proteins, has an EF-hand domain and is regulated by Ca 2+ . ClfB regulation may occur on multiple levels. ClfB has a partial EF-hand domain, suggesting that it can coordinate divalent cations, and its autoaggregative activity is inhibited by Ca 2+ and Mn 2+ (Ní Eidhin et al., 1998) . Therefore, regulation at the level of activity would be suspected. However, we also found evidence that both EGTA and TSC regulated clfB expression at the transcript level and that the gene was regulated differentially in these two strains.
Isogenic deletion of clfB in strain 10833 strongly repressed biofilm formation and further weakened the phenotype in strain Newman in the presence of EGTA but did not affect biofilm formation in the absence of EGTA. This suggests that, despite the decreased clfB expression in the presence of EGTA in strain Newman, whatever ClfB is present on the surface of S. aureus contributes to biofilm formation under these conditions. The finding that biofilm formation was unaffected by the clfB deletion in TSBG suggested that other biofilm-related factors contribute to biofilm formation in the absence of EGTA but that ClfB is the major determinant of biofilm-forming potential in the presence . Strain 10833 exhibited greater adherence to catheter tubing in the presence of EGTA than strain Newman. Bacteria were diluted in test tubes with TSBG (dark grey bars) or TSBG+12.5 mM EGTA (light grey bars) along with a piece of Vialon-based catheter tubing of~2 cm. The tubes were incubated for 18 h at 37 6C without shaking. The catheters were removed in a sterile fashion, washed to remove non-adherent bacteria, sonicated and plated to determine c.f.u. counts on TSA plates. **P,0.0001.
of EGTA. Biofilms produced by S. aureus are held together by a mixture of proteinaceous adhesins along with polysaccharides and extracellular DNA. Because so many factors can contribute to the formation of a biofilm, the phenotype may be difficult to target pharmacologically, and agents with antibiofilm activity against certain strains may not inhibit biofilm formation in other strains.
In summary, the capacity to form a biofilm under chelating conditions varies significantly among different strains of S. aureus. When Ca 2+ is depleted by chelating agents, biofilm formation is eliminated in some strains, whereas it is retained or even augmented in others. ClfB has not been implicated in biofilm formation previously, but this study demonstrates a role for this surface protein in mediating biofilm formation under Ca 2+ -depleted conditions. Whilst we found that there was an increase in clfB transcript levels in strain 10833 under chelating conditions, we do not yet know the full molecular basis for the differential ClfBmediated biofilm formation. Studies to resolve this phenomenon are currently under way.
